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ABSTRACT 
This report is primarily a correlation of all available information per-
taining to lime-fly ash-aggregate mixtures. Since this material is relatively 
new and research is still in progress, certain factors may change as more 
information is gained. However, the purpose of this report is to summarize 
the general principles and set forth the current thinking as to the best way 
of using this new paving material. There is definitely enough information 
available to justify the use of this material at this time if basic engineering 
principles are followed, and this report is intended to provide this basic 
information in summary form . A detailed bibliography is also included for 
those who wish to make a more comprehensive study of this subject. 
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I. INTRODUCTION 
A. THE GENERAL PROBLEM 
In certain areas of the country the supply of satisfactory highway base 
course materials is becoming limited, making the discovery and development 
of economically suitable substitute materials highly desirable. It is neces-
sary in these areas to either upgrade lower quality aggregates or to find 
substitute materials which may be modified by means of various admixtures . 
Lower quality aggregates have been improved by the addition of lime and a 
pozzolan. Examples of aggregates which have been used for this purpose are 
bank run sands and gravels, crushed stone, and quarry screenings. In addition, 
large supplies of wet bottom boiler slag, which is a by-product of the com-
bustion of pulverized bituminous coal, have been satisfactorily modified by 
the addition of lime and a pozzolan. 
At the present time more than a dozen companies are actively engaged in 
the production of lime-pozzolan-aggregate mixtures. These companies are 
located in various parts of the country such as Philadelphia and Pittsburgh, 
Pennsylvania; Cincinnati, Dayton, and Cleveland, Ohio; Chicago, Illinois; 
Detroit, Michigan; Bell Mawr, New Jersey; Baltimore, Maryland; St. Louis, 
Missouri; Buffalo, Geneva, and Long Island, New York; and Hartford, Connecti-
cut. It is estimated that three million square yards of this type of pavement 
has been placed in the past ten years. 
The authors recognize that a considerable amount of fieldk1.owledge has 
been obtained from construction at the previously mentioned locations. Unfort-
unately, much of this work is not reflected in this correlation of technical 
data since it has never been compiled in report form. This Circular is a com-
pilation of predominant thinking in this field. Since it is a compliation, 
few specific bibliographic references are made in the text, although the 
Bibliography contains a detailed listing of sources for further reading. 
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During the last decade several laboratories have been investigating 
lime-pozzolan-aggregate mixtures in order to determine if these relatively 
new combinations of materials may be used economically and effectively as a 
highway base course. Information and data have been available from these 
several sources, but this information has not been previously correlated and 
combined into a stmnnary report. In order for this research information to be 
of utmost value to all, it was reviewed and this report prepared so that inter-
ested persons may be able to obtain in a condensed form information regarding 
the present state of knowledge of these mixtures. The areas in which addit-
ional research is needed are also set forth. 
B. PAVEMENT REQUIREMENTS 
A pavement is defined as a structure consisting of one or more layers 
of processed materials placed on a highway or street to provide a suitable 
surface for the operation of rubber-tired motor vehicles. To fully satisfy 
its function a pavement should be of such width, thickness, and composition to 
permit economical, safe, and comfortable operation of vehicles and to provide 
a surface capable of resisting the destructive forces of traffic and natural 
or imposed elements. The layer innnediately under the wearing surface is known 
as the base course. The primary function of the base course is to distribute 
the load over a greater area in order to reduce deformation. A base course 
must be stable in and of itself. It must be capable of distributing the load 
properly to the underlying material within the tolerable limits of deformation. 
Both of these properties must be retained throughout the life of the pavement. 
Since the base course is immediately beneath the surface it must be constructed 
so that a satisfactory riding surface can be laid upon it. 
C. ANALYSIS OF LIME-POZZOLAN-AGGREGATE MIXTURES TO MEET BASE COURSE 
REQUIREMENTS 
It is necessary to ascertain the physical properties of lime-pozzolan-
aggregate mixtures to determine if these combinations of materials exhibit 
the qualities of a satisfactory highway base course material. Unconfined com-
pressive strength tests, California bearing ratio tests or triaxial tests, 
and freeze-thaw durability tests have been considered the primary tests in 
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the evaluation of these mixtures. The basic variables which have been deter-
mined from a study of lime-pozzolan-aggregate mixtures are the quantity and 
quality of the materials: the water, the amount of mixing, the amount of com-
pactive effort, and the method and length of curing. Each of these variables 
will be elaborated upon in Chapter IV. 
II. TYPES OF MATERIALS INVOLVED 
The materials which are used in the production of the pozzolanic base 
course are determined by the availability of materials in a given area. As 
mentioned previously, the lower quality aggregates are generally the materials 
that are upgraded, although in some parts of the country a well-graded crushed 
stone is treated with lime and fly ash to produce a superior stone base. 
Aggregates are cemented by the lime and fly ash which combin:! chemically to 
form a natural cement. A discussion of the various types of materials which 
may be used to produce lime-pozzolan-aggregate mixtures follows. 
A. LIME 
The term "lime" is a general term which includes the various chemical 
and physical forms of quicklime, hydrated lime, and hydraulic limes. Some 
differences have been reported between the high calcium and dolomitic limes 
depending partly on the mixture curing conditions in the field. High calcium 
lime gives some evidence of higher rates of reaction, which may be helpful 
when construction is done late in the season. Dolomitic lime gives a higher 
overall efficiency in some mixtures and has been found to be capable of 
reacting with the pozzolan over a longer period of time. The latter feature 
is helpful in preventing loss of lime values resulting from carbonation of 
the calcium hydroxide. It must be stressed that these differences are nor-
mally of slight importance. Rather than run the detailed tests which might 
show a small advantage in one of these limes, it is generally adequate to 
use either a high calcium hydrate or a dolomitic monohydrate that passes the 
ASTM specification for hydrated lime for masonry purposes (ASTM Designation 
C-207). Considerable work has been done using high-calcium hydrated lime pro-
duced as a by-product in the production of acetylene gas. This work has been 
largely confined to Midwestern fly ash with slag as the aggregate; these mix-
tures have given satisfactory results. Investigations made with this by-
product lime combined with materials from other parts of the country have 
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yielded erratic results. Studies are currently being made to determine 
adequate laboratory controls that will assure uniform results when using a 
wide range of aggregates and pozzolans . 
Quicklimes have been used in some areas on a limited basis, but since 
this type of lime may be dangerous to workmen it should be used only on 
special jobs and only i f care is exercised. There is some indication that 
quicklime may cause the lime-pozzolan-aggregate mixture to set too quickly, 
thus creating a construction problem. It is necessary to control the moisture 
content of these mixtures within a distinctly limited range and this control 
becomes a definite problem when quicklime is used. In special cases it may 
be advantageous to use a small percentage of quicklime in combination with 
hydrated lime. This is sometimes necessary when the work is being done 
extremely late in the construction season. Considering all of the information 
available to date, it appears that in general it is best to use either a high 
calciwn hydrate or a monohydrated dolomitic lime. 
B. POZZOLAN 
The term pozzolan is defined by ASTM as a silicious or alwnino-silicious 
material which in itself possesses little or no cementitious value, but which 
in finely divided form and in the presence of moisture will chemically react 
with alkali and alkali earth hydroxides at ordinary temperatures to form or 
assist in forming compounds possessing cementitious properties. Fly ash, the 
finely divided residue that results from the combustion of ground or powdered 
coal, is the most widely used pozzolan. Natural pozzolans, such as volcanic 
ash, calcined shale, pwnicite, and diatomaceous earth, may also be used where 
they are economically available. In order to determine if a pozzolan is of 
satisfactory quality it may be tested in accordance with ASTM Designation 
C 379 and C 402. 
C. AGGREGATE 
The aggregate may be any economically available material which is 
classed as a granular material. A desirable aggregate will be fairly well 
graded from catrse to fine with 100% passing through a 2-inch sieve. The 
limiting amount of material passing the No. 200 sieve will be dependent upon 
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the type of aggregate. For pit-run gravel mixtures this limiting value is 
tentatively set at 15% passing. For crushed aggregates and slag the limiting 
value may be somewhat higher. The aggregate shall be of such gradation that 
when mixed with lime and fly ash, a blend is produced which is capable of 
being compacted into a dense mixture which exhibits good mechanical stability . 
The aggregate shall consist of hard, durable particles or fragments of stone, 
free from an excess of flat, elongated, soft, or disintegrated pieces. 
111. TESTING PROCEDURES TO DETERMINE 
THE BEST MIXTURE 
The following procedures have been used by various testing labora-
tories. All of these procedures are not required in the evaluation of lime-
pozzolan-aggregate mixtures, but each procedure is briefly discussed so the 
engineer in charge of the evaluation can determine the most appropriate 
tests possible with available testing equipment. 
A. SAMPLING MATERIALS 
Each of the materials should be sampled in accordance with the applicable 
portions of the following ASTM Designations: D 75-58 T for aggregate, C 311-
57 T for pozzolan, and C 50-57 for lime. Suggested minimum sample sizes are 
10 pounds of lime, 50 pounds of pozzolan, and 100 pounds of aggregate. These 
materials should represent the actual materials that will be used in the field. 
Special care should be taken to assure that the lime sample is sealed in an 
air tight container (such as a one-gallon paint can). The samples should be 
clearly marked in order to assure positive identification. 
B. PHYSICAL PROPERTIES 
Information obtained from the f ollowing tests of the physical properties 
may be used in approximating the optimum proportions of the various materials 
in the total mixture: 
(1) The sieve analysis of each material may be determined by following 
the applicable portions of ASTM Designations C 136-46 for aggregate, 
C 379-56 T for pozzolan , and C 110-58 for lime. 
(2) The specific gravity of the various materials may be determined by 
following the applicable portions of ASTM Designations: C 127-42 
or C 128-57 for aggregate; and C 188-44, using approximately a 
50-gram sample, for both pozzolan and lime. 
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(3) The unit weight of each material may be obtained by following the 
procedure set forth in ASTM Designation C 29-55 T. 
(4) The specific gravity and unit weight data may be used to determine 
the voids in each material as set forth in ASTM Designation C 30-37. 
(5) A similar procedure may be used to determine the voids in the total 
mixture by using the composite specific gravity and unit weight. 
C. MIXING 
In order for this material to develop the maximum possible strength it 
must be thoroughly mixed. The importance of thorough mixing is shown in 
Figure 1 (which shows results obtained with a laboratory mixer). Since the 
amount of mixing is a function of the effectiveness of the mixer, the labora-
tory mixing should approximate the mixing action that will be obtained in the 
field. A procedure that has been used successfully in the past by one labora-
tory is machine mixing by means of a Lancaster PC Mixer equipped with a muller. 
One minute of dry mixing followed by two minutes of wet mixing results in a 
very uniform material. Hand mixing is satisfactory if the materials are 
thoroughly mixed in the dry state to form a uniform mixture, which is indi-
cated by a uniform color. Following the dry mixing, water is added and the 
mixing is continued until a uniform mixture is again achieved. Intensity or 
degree of mixing obtained in plant machinery is substantially greater than 
that of laboratory equipment. The information presented in Figure 1 is there-
fore merely relative. In some types of plant mixers the effectiveness of the 
equipment will permit shorter mixing times. In all cases the materials should 
be thoroughly mixed and the time required to achieve this will be dependent 
upon the type and efficiency of the available mixing equipment. 
D. MOISTURE-DENSITY RELATIONSHIP 
The optimum moisture content and maximum dry density may be obtained by 
the method set forth in ASTM Designation D 698-58 T Method A or Method C 
depending on the maximum size of the material. In determining the moisture-
density relationship, dry materials should be mixed for one minute in a Lan-
caster PC Mixer or its equivalent, the water added, and then mixed for an 
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Figure 1. Relationship of compressive strength to mixing time for 72 . 1 per cent slag, 24.0 
per cent fly ash, and 3.9 per cent lime mixture. 
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additional minute in order to obtain the first point on the moisture-density 
curve. The original sample may be reused for subsequent trials if there is 
no significant reduction of grain size due to the mixing action or compactive 
effort. The batch should be mixed for an additional minute after the water 
has been added for each subsequent trial. 
It may also be desirable to run the modified moisture-density relation-
ship as set forth in ASTM Designation D 1557-58 T Method A or Method C for 
the final mixture that is to be used in the field. The reason for this test 
is that it has been found that most plant-mixed materials compact readily to 
a density that is considerably above that obtained in the laboratory by ASTM 
Method D 698-58 T. If both moisture-density tests are run for the final 
mixture, these tests will give a definite working range for moisture contents 
in the field. The test which requires the greatest compactive effort will 
result in a lower optimum moisture content than will be obtained from the 
test with the lower compactive effort. The minimum dry density may be speci-
fied as 98 to 100 % of the density obtained by the lower compactive effort 
or 95% of the density obtained by the higher compactive effort. 
E. LABORATORY TESTS ON COMPOSITIONS 
1. Proportioning of Lime-Pozzolan-Aggregate Mixtures for Laboratory 
Evaluation 
An evaluation of new materials may be made by compacting mixtures composed 
of the following proportions. After additional information is obtained regard-
ing specific materials, it will be necessary to run only a portion of the 
following series, but in each case at least four different compositions should 
be run as the minimum requirement. 
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Percent by Weight 
Series No. Aggregate Pozzolan Lime 
A-1 87 10 3.0 
-2 86 10 4.0 
-3 85 10 5.0 
B-1 77 20 3.0 
-2 76 20 4.0 
-3 75 20 5.0 
-4 74 20 6.0 
C-1 67 30 3.0 
-2 66 30 4.0 
-3 65 30 5.0 
-4 64 30 6.0 
2. Determination of Optimum Moisture Content and Maximtnn Density 
Maximum density and optimum moisture content should be run in accordance 
with ASTM Designation 698-58 T. This test requires approximately 3000 grams 
of dry materials and series B-2, for example, would require the following 
weights of materials: 
Aggregate 
Pozzolan 
Lime 
Total Weight 
2280 g. 
600 g. 
120 g. 
3000 g. 
The optimum moisture and maximum density values for use in preparing 
compressive strength specimens with the mixtures given in Section 1 may be 
established from four individual moisture-density tests as illustrated in the 
following example: 
Maximum Optimum 
dry density moisture 
(actual (actual 
Slag Fll'.: Ash Lime de termina tion2 determination2 
87% + 10% + 3% 136 p.c. f. 6% 
77% + 20% + 3% 142 p.c. f. 7% 
67% + 30% + 3% 133 p.c.f. 10% 
74% + '20% + 6% 144 p.c. f. 8.5% 
The optimum moisture content and maximum density may now be estimated for the 
other mixtures shown in Section 1. For this example a 1% increase in lime 
results in 1/3 x 2 = 0.7 p.c.f. increase in density and 1/3 x 1.5 = 0.5% 
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increase in optimum moisture content. If specimens molded with the estimated 
moisture content are obviously too wet or too dry, it will be necessary to 
run intermediate density tests to establish the proper moisture-density relation-
ship. 
3. Computation to Determine Range of Optimum Mixture 
It may be stated, in general, that the mixture which contains the greatest 
volume of solid particles will be the best mixture. An example of the com-
putation of solid volume follows for the 77% slag mixture shown above. Specific 
gravities were found to be 2.48 for lime, 2.36 for fly ash, and 3.17 for slag. 
One cubic foot of lime solids, therefore, would weigh 2.48 x 62.4 p.c.f. 
155 p.c.f. The solid unit weight of fly ash and slag would equal 147 and 198 
p.c.f., respectively. In the 77% mixture the following solid volume would be 
present in one cubic foot of the mixture. 
Slag 0.77 x 142 
Fly Ash 0.20 x 142 
Lime 0.03 x 142 = 
109.3/198 
28.4/147 
4.3/155 
A similar calculation is shown for the 74% slag mixture: 
Slag 0.74 x 144 = 
Fly Ash 0.20 x 144 
Lime 0.06 x 144 = 
106.5/198 
28.8/147 
8.7/155 
Solid Volume 
0.552 
0.193 
0.028 
0.773 
0.538 
0.196 
0.056 
0.790 
From a study of these two calculations it can be seen that the solid volume 
increases with an increase in the percentage of lime. This indicates that 
the lime is filling voids, which are present in the mixture, without increasing 
the overall volume. An analysis of the 67% slag mixture follows: 
Slag 0.67 x 133 = 
Fly Ash 0.30 x 133 = 
Lime 0.03 x 133 = 
89.1/198 
39.9/147 
4.0/155 
0.451 
0.271 
0.026 
0.748 
From this it can be seen that the solid volume decreases with an increase 
in the percentage of fly ash. This indicates that the voids in the slag are 
completely filled and the additional fly ash is causing the total volume to 
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increase. A study of this data indicates that the optimum mixture is located 
between 67 and 77% slag and 3 to 6% lime. 
4. Preparation of Compressive Strength Specimens to Determine Optimum Mixture 
The range of proportions can now be further narrowed by molding at least 
two standard 4.6 by 4.0 diameter specinens from each of the following series: 
B-2, B-4, C-2 and a 71% slag, 25% fly ash and 4% lime mixture. The dry weights 
of materials for each batch should total at least 5000 grams. For example, 
series B-2 would require: 
Aggregate 
Pozzolan 
Lime 
Total Weight 
3800 g. 
1000 g. 
200 g. 
5000 g. 
By interpolation the optimum moisture content should be 7.5% and the maximum 
dry density should be approximately 143 p.c.f. These specimens should be 
cured in accordance with one of the methods suggested in the following section 
and then tested to determine the compressive strength. 
The compressive strength results may be used as the basis for determining 
the final proportions. The cost of the various ingredients and the total 
quantity of the end-product needed must also be considered in the determination 
of the precise proportions of each material. 
F. CURING METHODS 
Test specimens should be cured in the laboratory in a manner that will 
yield physical properties similar to those obtained in the field. To expedite 
the laboratory work various curing methods have been used. In order to corre-
late the field strength with the laboratory strength, specimens composed of 
72% slag and a 1 to 6 lime-to-fly ash ratio were prepared. These specimens 
were cured either at 140°F. in sealed containers or were placed in the field 
for curing times of 7 days, 14 days, 28 days, 3 months, 6 months, and 1 year. 
The relationship between compressive strength and curing time is shown in 
Figure 2. Additional studies also indicate that a 7-day oven cure at 140°F. 
in a sealed container results in strengths which are comparable to the one-year 
field strength. 
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Figure 2. Relationship of compressive strength to curing time for 72 . 7 per cent slag, 24 .0 
per cent fly ash, and 3.9 per cent lime mixture. 
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Another laboratory used two different curing methods in a study of four 
different fly ashes combined with four different percentages of lime. The 
0 0 
specimens were cured in the moist room at 20 C, (68 F.) and by means of an 
accelerated cure at 60°c. (140°F.). Compressive strenghts obtained after 28 
days and 45 days of moist room curing were consistent with the 7-day accele-
rated cure. Although the strengths were not equal, the same relative rating 
of the mixtures was obtained. High temperature curing requires less time and 
appears to be the most appropriate for use in the selection of the optimum 
proportions as discussed in the preceding section. 
After the optimum proportions are determined, the durability character-
istics of the mixture must be obtained if it is to be placed in a locality 
where it will be subjected to freezing and thawing. The critical condition 
for durability occurs when the mixture is placed late in the construction 
season and has not obtained its entire strength when it is first subjected 
to freezing. This condition may be approximated by means of laboratory curing 
in moist sand. The box for sand curing should be filled to a depth of 1 
inch with a moist concrete sand. The specimens are then placed and covered 
with a 1-inch layer of sand which is also moistened initially. Water should 
be sprinkled over the sand daily at a rate of 3/8 gallon per square yard. 
During the entire curing period the sand box will be at the laboratory temper-
ature. After a total cure of 28 days the specimens are ready to be subjected 
to the durability test. This time of curing will be satisfactory in most 
cases since the major portion of the materials are placed in the field at 
least one month prior to freezing. In evaluating mixtures which are to be 
placed extremely late in the season, the moist sand curing time may be reduced 
to 14 days to approximate the field strength that will be achieved before 
freezing occurs. 
Since the moist sand method of curing requires 28 days, a method of 
curing which would yield approximately a 28-day strength in a sh:>rter period 
of time is desirable. A possible method consists of drying the molded speci-
mens in a 140°F. oven for the first 18 to 24 hours. This is considered the 
first cycle. On the second day the specimens are placed for 6 hours on absor-
o bent pads in a moist room and then dried for the next 18 hours in a 140 F. oven. 
This completes the second cycle. This method of alternate wetting and drying 
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for four cycles has resulted in a saturated strength which is approximately 
equal to the 28-day moist sand strength for stone or gravel mixtures. If 
this curing procedure is followed the freeze-thaw tests may be run after only 
4 days. This method has been tried with standard Ottawa sand as the aggre-
gate, and the compressive strength results were not comparable. Thus this 
test method has considerable merit from the standpoint of reduced curing time, 
but additional research is needed to determine if it yields comparable com-
pressive strengths for all t ypes of mixtures. 
Another method of curing which has been used consists o f placing the 
compacted specimens in a hwnidity cabinet at a relative hwnidity greater tls.n 
+ 0 90% and at a temperature of 70 - 3 F. Specimens have also been wrapped in 
aluminwn foil and placed in a standard moist room for various curing periods. 
The method of curing used by any particular laboratory will be determined pri-
marily by the available equipment. 
G. PREPARATION OF SPECIMENS FOR COMPRESSIVE STRENGTH. TESTING 
After the specimens have been cured for the required time, they should 
be weighed to determine the net gain or loss of weight during curing . This 
weight check will yield information which will indicate whether the specimens 
in the oven were adequately sealed. The average diameter of each specimen 
should be determined to the nearest 0.02 of an inch. Following the weighing 
and measuring, each specimen should be capped with a fast setting capping 
material, such as Hydrocal, which will enable smooth planes to be f ormed on 
both the top and bottom. 
Specimens have been tested after being submerged for 24 hours in water 
and they have been tested also in the dry state. The ratio between the dry 
strength and the saturated strength is not the same for all materials. For 
instance, saturated specimens of slag-lime-fly ash mixtures yield approximately 
90% of the dry compressive strength, whereas saturated specimens of gravel-
lime-fly ash mixtures yield only 20 to 30% of their dry compressive strength 
as shown in Figure 3. This ratio, which is probably dependent on the perme-
ability of the mixture and the angularity of the a ggregate, would be expected 
to differ for different materials. 
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Figure 3. Gravel -compressive strengths for various curing conditions and types of lime. 
An alternate procedure has been used by one laboratory in which the 
specimens are soaked for three to four hours before testing. It is recom-
mended that before the alternate procedure is used it should be correlated 
with the 24-hour saturation period. The method that appears to be the most 
appropriate for a particular study can then be determined and it should be 
used consistently throughout the study. 
H. UNCONFINED COMPRESSIVE STRENGTH TEST 
A rate of deformation of 0.05 inch per minute is suggested as a standard 
for the compressive strength test. Various laboratories have used slightly 
different rates of loading, but a standard will give strength results which 
can be compared between laboratories. The geometry of the specimen will 
also affect the compressive strength. If different size specimens are tested 
the compressive strengths can be compared only after an L/D ratio correction 
is made. Since an L/D ratio correction has not been determined for this 
material, an approximation may be obtained by using the standard corrections 
for various L/D ratios of portland cement concrete cylinders. This is an 
area in which additional data is needed for various lime-pozzolan-aggregate 
mixtures. 
I. DURABILITY TESTS 
An estimate of the durability of this type of material may be determined 
by means of accelerated laboratory tests which simulate freeze-thaw and wet-
dry cycles in the field. The criteria which have been used in evaluating 
these durability tests are: (1) limitation of weight loss after 12 cycles and 
(2) increase in compressive strength with curing time. Data obtained by these 
tests with this mixture indicates that wetting and drying accelerates strength 
development, and thus the weight losses are consistently low. Therefore, 
there appears to be little need of running the wetting and drying test as a 
means of evaluating durability. The freeze-thaw test as set forth in AS'IM 
Designation D 560-57 appears to be the best test available if the curing time 
is modified to 28-day moist sand or its equivalent as stated earlier in this 
report. Since the wire brush abrades some of the material during the testing, 
the following method of analyzing the test results is suggested. If the weight 
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loss during any three consecutive cycles does not exceed 0.15 of a pound 
there is no problem. However, if the weight loss during any three cycles 
exceeds 0.14 of a pound and exceeds twice the loss of the last three cycles, 
there is a problem. This means of interpreting the data appears to be 
superior to setting a definite upper limit since different mixtures have 
different abrasion characteristics. 
The data obtained to date indicates that the volume change specimen, 
Specimen Number 1 in ASTM D 560-57, does not yield significant data. There-
fore, it is suggested that at least two specimens be molded at optimum 
moisture content and maximmn density, cured for 28 days in moist sand, and 
subjected to 12 cycles of freezing and thawing as set forth in the appro-
priate sections of AS'JM Designation D 560-57. The sections pertaining to 
Specimen Number 2 (weight loss specimen) may be used as the basis for per-
forming, calculating, and reporting the results of the freeze-thaw test. 
IV. TESTING PROCEDURES USED IN CONNECTION 
WITH STRUCTURAL ANALYSIS 
The following test procedures describe some of the methods which have 
been used by various research groups to develop information for evaluating 
the structural properties of lime-pozzolan-aggregate mixtures. Each test 
procedure will be briefly discussed. Since the structural analysis of this 
mixture has not been adequately studied to date, these methods of test are 
given to assist the reader in familiarizing himself with this phase of the 
subject. 
A. STRESS-STRAIN RELATIONSHIP 
One laboratory has obtained stress-strain relationships on 2-by 4-inch 
cylindrical specimens by measuring the strain over the center two inches of 
the specimens. These measurements were made on a mixture of wet-bottom boiler 
slag, fly ash, and lime. A typical stress-strain curve is shown in Figure 4. 
Initial tangent modulus (a line drawn from the origin tangent to the first 
portion of the stress-strain curve) has a value of approximately 3,000,000 
p.s.i. For materials of this nature, the secant value of the modulus of 
elasticity is more meaningful than the initial tangent modulus. The secant 
modulus taken at a strain of 0.001 inch is 1,350,000 p.s.i. An average value 
for concrete at the same strain might be 3,000,000 p.s.i. The maximum strain 
obtained, as shown in Figure 4, is of the same order of magnitude as concrete. 
More extensive study should be made in this area with mixtures composed of 
various types of aggregates. 
In addition to the stress-strain relationships it may be of value to 
evaluate the fatigue characteristics. A fatigue study will make possible 
a determination of the relationship between the number and magnitude of 
loads and the performance of this material. 
B. COMPRESSIVE STRENGTH 
The compressive strength test is used extensively in testing materials 
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since it is relatively easy to run and can be performed quickly. The results 
of an unconfined compressive strength test are dependent upon such factors as 
the speed of testing, specimen soaking time prior to the testing, size of 
specimen, and end conditions of the specimen. These variables necessitate 
the standardization of testing procedures as stated . previously in this report. 
Although the compressive strength is not a direct measure of the load 
carrying capacity of a base, it does result in relative values which may be 
used to determine the most desirable mixture. The unconfined compressive 
strength would not necessarily in and of itself represent an adequate means 
for the structural design of a road base. If possible, it would be advan-
tageous to correlate this test with whatever method is ultimately used for 
structural design. 
C. FLEXURAL STRENGTH 
Flexural strength tests with lime-fly ash-slag mixtures have been con-
ducted by one laboratory. Two separate series of tests were run: the first 
consisted of 2x2x8-inch beams subjected to center-point loading; the second 
consisted of 3x3xl2-inch beams subjected to third-point loading. These tests 
indicated that the larger beams subjected to third-point loading gave more 
consistent results. 
Specimens were prepared with percentages of slag varying from 48 to 
72% and a constant 1 to 10 lime-to-fly ash ratio. Flexural strength results 
after 14 days of moist sand curing were in the range of 150 to 200 p.s.i. 
with no appreciable difference between these percentages of slag. Specimens 
of 60% slag and a 1 to 10 lime-to-fly ash ratio were prepared at optimum 
water content and cured for various lengths of time. Figure 5 shows the 
relationship between curing time and flexural strength for a monohydrated 
dolomitic lime. The fact that the 14-day flexural strength shown in Figure 
5 is lower than the range given above for high calcium lime may be attributed 
to the varying rates of reaction of the limes. 
The modulus of rupture of lime-fly ash-slag is approximately 20 to 25% 
of the compressive strength. The modulus of rupture of concrete is in the 
range of 15 to 20%. Lime-fly ash-aggregate mixtures appear to have adequate 
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flexural strength to warrant an evaluation of the fati gue properties. It 
may be desirable to include this fatigue in formation in the development of a 
design method. 
D. CALIFORNIA BEARING RATIO 
CBR tests were conducted in hopes of finding a means o f comparison 
between base courses of crushed stone and base courses consisting of lime-
fly ash-aggregate mixtures. This test is normally run after the compacted 
mixture has been completely innnersed in water for four days. A CBR value of 
100 indicates that the material possesses the same resistance to penetration 
as a well-graded crushed stone. 
CBR tests have been performed by various organizations using gravel, 
sand, or slag as the aggregate. Comparative CBR tests have also been run 
using lime-fly ash-soil (A-2-4), lime-soil (A-2-4) and natural soil (A-2-4). 
These tests were conducted using a mixture of 90 parts of A-2-4 soil, 10 
parts of fly ash and 5 parts of hydrated lime, by weight. The lime-soil 
mixture contained 3 parts of hydrated lime which was added to the natural 
soil. After 4 days of soaking, the CBR values shown in Figure 6 were obtained 
for the A-2-4 soil. Similar data is shown for an A-4 sandy silt. Additional 
tests using lime-fly ash-gravel (A-1-b) and lime-fly ash-sand (A-3) show a 
similar improvement in the CBR values over that of the natural soil. 
CBR tests have also been run on slag mixtures of 60 and 72% with lime-
to-fly ash ratios of 1 to 10 and 1 to 6, respectively. These mixtures 
resulted in CBR values of 25 to 30 when tested innnediately after compaction 
by Method B of ASTM D 698-58 T. The importance of adequate compaction and 
proper moisture content is shown in Figure 7 for the 72% slag mixture. 
A comparison of two curing methods used prior to the actual CBR testing 
indicates that lime-fly ash-aggregate mixtures gain strength during the 
soaking time. The effect of 3-day soaking time is shown for the 72% slag 
mix ture in Figure 7. This same mixture was subjected to a varying number of 
wet-dry cycles. The wet-dry cycle consisted of 24 hours of irrnnersion in 
water followed by 24 hours of drying in air in the laboratory. Specimens 
subjected to 2 and 5 cycles of this wetting and drying resulted in average 
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CBR values of 150 and 500, respectively, both of which are in excess of the 
limit of this testing procedure. Wetting and drying or compre te innnersion 
in water accelerates the strength development for lime-fly ash-aggregate 
mixtures. 
The effect of the addition of lime and fly ash on the bearing capacity 
of three different soils is shown in the following table. The proportions 
of the gravel and sand mixtures were 90% soil, 10% fly ash, and 5% lime. 
Proportions of the sandy loam mixture were 60% soil, 30% aggregate, 10% fly 
ash, and 5% lime. 
BEARING RATIOS OF LIME-FLY ASH-SOIL MIXTURES 
(from Minnick and Williams, HRB Bull. 129, 1956) 
Gravel Sand Sandz Loam 
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The improvement of the bearing ratio by means o f wetting and drying the speci-
mens is shown in this table. Even though the gravel was tested in a wet 
condition after only three cycles its strength was 80% greater than when it 
was tested in the air-dry state 2 to 4 hours after molding. This in::rease 
may be compared with the reduction of more than 50% for the natural soil 
tested under the same conditions. 
The importance of adequate compaction is also shown in the above table 
for the loam soil (A-6). As the number of blows per layer increased from 10 
to 55, the bearing value for the lime-fly ash-soil mixture increased from 30 
to 148. While CBR values that exceed 100 are beyond the intended limit of 
the CBR test, comparisons of these values with values less than 100 give an 
indication of the increased strength. Thus from a quantitative standpoint 
the CBR test may not be a satisfactory means of evaluating high quality lime-
fly ash-aggregate mixtures. The CBR test is of value in evaluating the lower 
strength materials and this test may be used with all materials from a quali-
tative standpoint. 
R. H. Miller has proposed that the CBR design method for flexible pave-
ments be used to determine the thickness of the lime-fly ash-aggregate base 
required for a given traffic volume, load, and subgrade condition. In an 
effort to design for the most adverse conditions that occur in the actual 
road, he suggests that the CBR test be run on the mixture at the end of 
four days of immersion in water. In the two field installations studied 
C:he determined the required thicknesses by using design curves of the Asphalt 
Institute (Thickness Design, Flexible Pavements for Streets and Highways--The 
Asphalt Institute, Figure 2, pages 14 and 15[) the thicknesses actually used 
were less than those he calculated. Miller points out that these installations 
have been in use for more than three years and continue to perform satisfactorily. 
E. TRIAXIAL 
A small amount of triaxial testing has been performed by some organi-
zations working with lime-pozzolan-aggregate mixtures. Comparative tests 
run between lime-fly ash-soil and the natural soil show the added strength 
due to the addition of lime and fly ash. 
One laboratory performed a series of unconsolidated-undrained triaxial 
tests with lime-fly ash-gravel mixtures. The proportions used were 4-14-82, 
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4-10-86, and 3 1/2-10-86 1/2. The results of the tests were used to select 
the optimum mixture. The test data will also be used in the thickness design 
of sections to be subjected to repeated wheel loads. 
0 0 The angle of shearing resistance was found to vary from only 49 to S3 
while the apparent cohesion varied from 128 p.s.i. to SS p.s.i. Figure 8 
illustrates typical triaxial data for the optimum mixture, 4-14-82. The 
triaxial tests were run on specimens cured for four days by cyclic wetting 
and drying. Specimens of the same proportions and cured in the same manner 
had an unconfined compressive strength of 690 p.s.i. The strength after cyclic 
wetting and drying was comparable to that after 28 days of moist sand curing . 
A thorough study of the structural properties of lime-pozzolan-aggregate 
mixtures should be made before any one test method is chosen for determining 
design thickness. 
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V. MATERIALS AND COMBINATIONS OF MATERIALS 
A. LIME 
Several laboratories have studied the difference in performance of 
mixtures containing different types of limes. As an example of this work, 
one laboratory prepared specimens with 3.6% lime, 36.4% fly ash, and 60.0% 
slag for the following types of lime: 
(1) Monohydrated dolomitic 
(2) High calcium hydrate 
(3) Quick dolomitic hydrated by means of a portable hydrator 
(4) High calcium (by-product from production of acetylene gas) 
Specimens made from each of the above limes were cured in sealed cans at 
140°F. Companion specimens were placed in moist sand in the laboratory air 
and tested after 14, 28, and 90 days of curing. The results of these tests 
are shown in Figure 9. It may be noted that the strengths obtained by the 
accelerated cure are of the same order of magnitude as the strengths obtained 
from the 90-day moist sand cure. It can be seen that the high calcium limes 
develop higher strengths in 14 days of curing . 
The fact that the dolomitic monohydrated and the high calcium limes 
result in strengths of approximately equal magnitude is shown in Figures 3 
and 10. These figures show that the compressive strengths were approximately 
equal when the specimens were cured by means of the accelerated cure at 140°F. 
The laboratories that did this work also cured speciri1ens by the following 
two methods: alternate wetting in a moist room on absorbent pads for six hours 
0 
and drying in the oven at 140 F. for the remainder of the twenty-four hour 
period; and by moist sand curing. The wet strengths were obtained after 
soaking the specimens for 24 hours. It may be noted that the soaking period 
has a greater effect on the strength of the gravel mixture than it does on 
the crushed stone mixture. The results further show that the strengths of 
high calcium and monohydrated dolomitic limes are nearly equal when cured by 
an accelerated method. 
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Dihydrated dolomitic lime has been tested by various laboratories, and 
there is unanimous agreement that for this type of reaction the monohydrated 
dolomitic lime is far superior to the dihydrated dolomitic lime. There appears 
to be little difference between the compressive strength of mixtures con-
sisting of monohydrated dolomitic or high calcium lime after approximately 
one month of field curing. 
B. FLY ASH 
A number of laboratories are studying the properties of fly ash in lime-
fly ash-aggregate mixtures. These investigations are concerned with the basic 
pozzolanic reactions as well as performance studies on molded specimens. Con-
flicting evidence indicates that it is doubtful that reliable correlation 
exists between loss on ignition of fly ash and its pozzolanic activity. 
Some confirmation of a relationship between fineness as measured on a No. 325 
sieve and pozzolanic strength is available. Lime-fly ash mortar tests 
(AS'lM C 379) appear to give one means of evaluating fly ash reactivity. The 
0 0 
results at both room temperature (20 C.) and at 60 C. are consistent. 
Although the lime-fly ash mortar tests are the best means of evaluating 
fly ash reactivity, consideration of a composite factor consisting of both 
the loss on ignition and percentage passing a No. 325 sieve may result in 
satisfactory correlation. It may be generally said that a fly ash with a 
loss on ignition of less than 10% and at least 85% passing the No. 325 sieve 
will be usable most of the time. It may be possible for materials not meeting 
these limits to result in a satisfactory pozzolanic reaction. These values 
are given only as guides and the lime-fly ash mortar tests should be per-
formed to determine quantitatively the pozzolanic reactivity. 
C. LIME-POZZOLAN-AGGREGATE PROPORTIONS 
Several laboratories have investigated various materials and proportions 
of lime-pozzolan-aggregate mixtures. One laboratory has investigated the 
effect of four different compactive efforts on the optimum lime-to-fly ash 
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ratio. This study was conducted with a mixture consisting of 75% Kansas sand 
and 25% lime and fly ash. Lime-to-fly ash ratios of 1:9, 2:8, 3:7 , 4:6, and 
5:5 were used. Compaction was either standard (ASTM 698-58 T), between 
standard and modified, modified (ASTM D 1557-58 T), or greater than modified. 
Specimens were cured at 70 ~ 3°F. with a relative humidity near 90%. Figure 
11 shows the range in strength as the lime-to-fly ash ratio was varied. The 
strength of lime-fly ash stabilized soil is increased by increased compaction, 
but the optimum lime-to-fly ash ratio is little influenced. The optimum ratio 
is between 1 to 4 and 1 to 9 for this material. 
For the four different compactive efforts the per cent of solids in 
each mixture has been determined. Figure 12 shows that the per cent solids 
is approximately constant for a lime-to-fly ash ratio of from 1:9 to 5:5 at 
low compactive efforts. Points labeled 1, 2, 3, 4 1 5 under compactive effort 
A correspond with lime-to-fly ash ratios of 1:9, 2:8, 3:7, 4: 6, and 5:5. 
These results show that a high percentage of solids is desirable, but for a 
given percentage of aggregate the solid volume is little affected by various 
lime-to-fly ash ratios. Maximum values of solid volume must be obtained by 
the proper selection of the percentage of aggregate in the total mixture and 
by adequate compaction. 
Gravel mixtures have been investigated and generally 15 to 30% lime and 
fly ash are added to produce a satisfactory mixture. With this type aggregate 
the optimum lime-to-fly ash ratio is between 1 to 2 and 1 to 10. 
In a ccomprehensive study of slag as an aggregate, all materials were 
mixed, compacted at optimum moisture, capped, and cured in a standard manner. 
The percentage of slag, by weight, in each mixture was varied from 42% 
through 90%. Lime-to-fly ash ratios of 1 to 6 and 1 to 10 were used with all 
percentages of slag. Figure 13, as an example, shows the relationship between 
the percentage of slag and the compressive strength. This study indicates 
that the slag percentage may be varied from 48 to 72% without a significant 
change in compressive strength. Factors such as availability of materials 
and the durability characteristics of the mixture must therefore be considered 
in determining the final proportions. 
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The optimum lime-to-fly ash ratio has been determined by varying this 
ratio for various percentages of slag. Figure 14 indicates that the optimum 
lime-to-fly ash ratio is between 1 to 6 and 1 to 12 for a 60% slag mixture. 
Lime-to-fly ash ratios between 1 to 6 and 1 to 10 have been used with various 
percentages of slag in field test sections. After three years of service 
there is no significant difference between the compressive strength of these 
mixtures. 
A low lime content is desirable from an economical standpoint. Since 
it is difficult to achieve a uniform dispersion of the lime with mixers now 
available, lime contents of less than 3% may result in a non-uniform mixture 
or may not develop satisfactory pozzolanic strength. A minimum lime content 
of 4% seems desirable in order to assure a more uniform mixture and satis-
factory pozzolanic strength. 
These studies indicate that the optimum percentage of aggregate must be 
determined for each combination of materials. The lime-to-fly ash ratio may 
be varied from 1:2 to 1:10 without appreciably affecting the results, as long 
as the lime content is in excess of the minimum percentage required. The 
optimum proportions may be determined by using the ranges given above for 
the various types of aggregates, but the final proportions should be based on 
laboratory test results obtained with the specific materials. 
D. ADMIXTURES 
In an effort to accelerate strength development and thereby extend the 
construction period into the late fall, several investigators have experi-
mented with the addition of chemicals to accelerate the lime-fly ash reaction. 
Most of the published work in this area has been carried out by one laboratory 
which experimented with many chemicals in both suspension and powdered form. 
Their investigation indicates that 0.5% of the powdered chemical is generally 
the most beneficia7 On the basis of strength improvement at three different 
curing ages, potass um permanganate may be rated highest. Freeze-thaw dura-
bility tests were r n with the more promising additives. On the basis of 
strength improvement and durability, either sodium carbonate or potassium 
permanganate seems to be the most promising . 
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Another study involved the use of calcium chloride to accelerate the 
strength of a Kansas sand A-2-4 (O). Specimens of 25% lime-fly ash and a 
0 1:9 lime-to-fly ash ratio were cured at near 100% relative humidity and 70 F. 
This study indicates the desirability of a 1% addition based upon the maximum 
strength improvement. A field test section of soil-fly ash-lime as a base 
course has also shown marked strength improvement with as little as 0.5% 
of calcium chloride. 
Although certain chemicals give beneficial results, the addition of 
such a chemical may not be feasible due to prohibitive costs . If the chemi-
cal costs approximately $0.05 per pound in large quantities, the addition 
of 0.5% may increase the total cost by 25% per ton of the lime-pozzolan-
aggregate mixture. Therefore the total cost of the mixture must be given 
careful consideration. 
VI. GENERAL TEST RESULTS 
A. DURABILITY 
Several laboratories have investigated the durability characteristics 
of lime-pozzolan-aggregate mixtures by means of laboratory tests. It has 
been determined that the type of curing which the specimens are subjected 
to prior to the durability testing is very important. The 7-day 140°F. 
oven-cured specimens are too strong to yield any worthwhile data from the 
durability tests. This may be attributed to the fact that the strength ob-
tained by this type of curing approximately equals the one-year field strength. 
Laboratory specimens that have strengths representative of mixtures placed 
in the field during the fall construction season may be secured by means of 
curing the specimens in moist sand in the laboratory air for 28 days or by 
means of curing the specimens in a standard moist room for 28 days. This 
28-day curing period may be shortened to 14 days if it is to represent 
material that will be placed extremely late in the construction season. 
The standard freeze-thaw test (AS'IM Designation D 560-57), when the 
curing is modified to either 28 or 14 days as stated above, does yield 
results that differentiate one mixture from another. The major problem, 
however, is establishing the limits between a good mixture and a poor mixture. 
Since there is not sufficient data correlating the laboratory and field test 
data from the standpoint of durability , it is uncertain if tentative limits 
can be established on the basis of previous experience with the freeze-thaw 
tests on other materials. If the standard wire brushing is used to obtain 
the weight loss for 12 cycles of freeze-thaw , the limiting weight loss may 
be in the range of 10 to 15%. This range is given only as a guide which may 
be used until additional data is obtained in this area. It may also be pos-
sible to use some sonic techniques similar to those employed with portland 
cement concrete for the evaluation of freezing and thawing resistance. 
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B. COMPACTION AND FIELD DENSITY 
Lime-pozzolan-aggregate mixtures were largely mixed-in-place operations 
until it became evident that adequate control was sometimes difficult. Plant-
mix materials are now widely used, t hus making proportioning and moisture 
control easier. The plant-mixed material also results in a more uniform 
product. 
If the moisture content of the material is controlled within approxi-
mately plus or minus 1% of that determined in the laboratory, suitable 
compaction can be secured with a variety of equipment. 
Preliminary compaction may be obtained with a rubber-tired roller. 
Final compaction may be accomplished by use of an 8-or 10-ton steel wheel 
roller . Vibratory compactors have also been used to obtain satisfactory 
compaction. If the base thickness is greater than 6 inches , the mixture 
should be placed in two separate layers. When the mixture is placed in two 
layers a spreader box may be used to control t he thickness of each layer. 
Care must be exercised during compaction to avoid the formation of lamination 
planes. These planes may be avoided if the first layer is scarified and 
brought to the proper moisture content immediatel y before the second layer 
is placed. It is suggested that both layers be placed the same day. It 
is best to have a slight excess of material which may be cut off by the motor 
patrol in the final leveling operations. If the finished surface of t he base 
course in some areas is below the required elevation it is necessary to scari-
fy the surface and bring it to the proper moisture content before additional 
material is placed. A thin layer may not always adhere to the surface; 
therefore, it is good construction practice to place a slight excess of 
material that can be shaved off in the final leveling operation. 
While it is not a recommended practice, some jobs constructed with a 
lime-pozzolan-aggregate mixture have given adequate service despite low density. 
Cores taken from one job site that was constructed at a moisture car.tent 
far below optimum have remained without appreciable change at a compressive 
strength of approximately 700 p.s.i. for three years. Laboratory tests 
indicated that with proper moisture control, the streng th could have been 
increased to 1200 p.s.i. Durability tests run on the compressive strength 
cores from this job site showed inadequate resistance to freeze-thaw although 
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there was no apparent distress at t he site . This par ticular material was 
placed in a parking lot comp le te ly enc l osed by conc r ete curbs a nd with a 2-
i nch b ituminous concrete sur f ace . 
Inspection of other jobs, main l y mixed-in-place operations , has s hown 
t he adverse effect of compacting at mois t ure contents greater t han optimum. 
When t he field densities were below approximate ly 90% of modi f ied Proctor 
density t he field compressive st r ength s we r e be l ow t he labor atory streng t hs 
0 (7 day--140 F.) even af t er two years o f field c uring. 
Observation of oath laboratory test data and field test data indicates 
t hat a considerable loss in streng th may be anticipated if the lime -pozzolan-
aggregate mixture is not suf ficien t ly compacted i n the field. It is not 
difficult to obtain 100% of standar d Proctor density in the f ield if t he 
moisture conten t of the mixture is controlled. Therefore , a minimum require-
ment of 98 or 100% of standard density (AS1M Designation D 698-58 T Method A) 
or 95% of modified density (AS1M Designation D 1557-58 T Method A) appears 
to be highly desirable . 
C. FIELD CURING AND COMPRESSIVE STRENGTHS 
Proper curing of this mixture ma y be obtained by keeping t he surface 
moist until the bituminous seal coat is applied. Improper control of moisture 
over the uppermost surface may result i n a layer of loose material i n which 
the lime may carbonate. The bituminous seal s hould be applied as soon as 
possible. The surface of the material should not contain excess moisture 
when it is sealed. A typical mixture may be adequatel y sealed with 0 .1 to 
0.2 gallon per square yard of an RC-2 . 
The last operation in t he construction of t he road is t he p l aci ng o f 
t he wearing surface. Normally the road is closed to tra f fic un til t he wearing 
surface is placed . No minimum standard curing period has been established 
since the pozzolanic base generally possesses adequate mechanical stability 
to carry normal traff ic immediately after compaction. The surface s hould be 
placed as soon as possible since t he base material is not intended to serve 
as t he wearing surface. Wearing surfaces may consist o f two or t hree laye r s 
of a bituminous surface treatment as the minimum requirement. Two a nd one- ha l f 
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inches of bituminous concrete may be required for the more heavily traveled 
roads. As soon as the wearing surface is placed, the roadway may be opened 
to traffic. 
Field compressive strengths of various lime-pozzolan-aggregate mixtures 
have been obtained and are similar to the compressive strengths obtained in 
the laboratory tests. Compressive strength tests of slag-lime-fly ash 
mixtures, which were placed early in the fall, show that the strength is 
ln the order of 600 to 1000 p.s.i. after one month. Cores taken at these 
same locations in the early spring, six months after construction, show very 
little change in strength. One-year compressive strengths are usually in 
the range of 1500 to 2000 p.s.i. Specific information is shown in Figure 15 
for test cores obtained from a roadway shoulder test section. Various per-
centages of slag and various lime-to-fly ash ratios were used in the mixtures 
that made up this test section. The lack of strength development during 
the winter is typical for this material. This material increased 60 to 70% 
in compressive Strength over a period of from six months to one year . These 
data indicate that there is a relatively wide range of material proportions 
that may be used in producing a satisfactory mixture if adequate control is 
maintained. 
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Figure 15. Compressive strength development for a field test section . 
VII. CONCLUSIONS 
Lime-pozzolan-aggregate mixtures are satisfactory for use as a base 
course material if properly designed and controlled. If the materials are 
of satisfactory quality , the principal controls are: (1) proper proportioning 
and moisture content, (2) proper mixing, and (3) proper compaction. 
Quantitative values for these controls must be established by laboratory 
tests with the specific materials to be used in the field. 
Information is lacking in the area of structural properties of the 
mixture. The mixture has considerable load carrying capacity immediately 
after it is placed due to its mechanical stability. As the pozzolanic 
action continues the load carrying capacity also increases. Since this 
material does possess some flexural strength, this property should be inves-
tigated along with the fatigue effect of repeated wheel loads. After 
additional information is obtained concerning the structural properties, 
it may then be possible to develop a design method that considers both the 
mechanical stability and the cohesion obtained from the pozzolanic action. 
Additional field and laboratory durability data are needed so that the 
durability criterion can be more specifically defined for lime-pozzolan-
aggregate mixtures. This may be accomplished by keeping detailed records 
of field performance and correlating this information with the data obtained 
from laboratory tests with the same material. 
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